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MATERIAL
ASTM A36 Steel
12.7 mm thick

Objectives
High velocity projectiles cause severe damage to target materials upon impact. The target material
is subject to high pressure and temperature over a very short period of time. This work studies the
effects of Lexan projectiles impacting A36 steel at velocities between 3 km/sec and 6 km/sec. The
damage zone develops in the target within 5 microseconds. Some steel materials go through a
reversible phase change when subject to elevated temperature and high quasi-static pressure. It is
unknown whether A36 steel experiences this phase change during high velocity impact. The
objective of this work is to investigate if any permanent phase change can be measured in the
target material after impact.
Significance
Engineers and designers need to simulate the damage caused by projectile impact in order to
design better protective structures. Computational analysis tools require good material property
data for accurate simulations. A phase change in steel during the impact will cause a change in the
material properties. Conclusive evidence is needed to determine if this phase change occurs for
A36 steel so that correct material properties can be used in simulations.
Gas Gun Experimental Procedure
The 2-stage light gas gun uses a powder breech to fire a plastic piston into a pump tube filled with
helium or hydrogen. The light gas is compressed as the piston moves through the pump tube. A
petal valve separates the light gas from the launch tube, which is under vacuum. The petal valve
ruptures from the compressed gas causing the projectile to rapidly accelerate down the launch tube
and into the containment tank where it will impact the target. These experiments are designed so
that the projectile causes severe damage to the target but does not penetrate all the way through. A
successful experiment will leave the target plate with a large crater in the front and a smooth bump
in the back.
STATISTIC
Bcc =66.44%
Fcc =0.641%
Hcp = 0.1023%

Sample Preparation Procedure for Electron
Back Scatter Diffraction (EBSD)

•
•
•
•
•
•
•

Cut sections from target plate
Mechanical polishing
Electro-polishing
Chemical etching
Ion beam milling / Ion etching
Coating
Sample storage

EBSD is a technique for obtaining crystallographic information
from samples in the scanning electron microscope.

Results
EBSD was performed on a region of A36 steel. The region of interest
(ROI) was approximately 90x90 square microns and located in a
compressed region just below the impact crater near a fractured region.
Different orientations and crystalline phases are visible in the maps. The
predominant phase is body-centered cubic (Bcc), accounting for 96.7%
of the area indexed. Face-centered cubic (Fcc) and hexagonal-closepacked (Hcp) phases are also indexed, at 2.9% and 0.4% respectively.

AFTER
NORMALIZATION
Bcc =98.89%
Fcc =0.95%
Hcp = 0.153%

Discussion and Future Work
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Iron can be forced into stable and metastable non-Bcc phases by
manipulation of thermodynamic parameters. Although the EBSD
software indexed non-Bcc phases, the amount was expected to be
higher. Indeed, the low percentage of Hcp is possibly in the noise level
of the system. Additional statistical analysis is needed to determine the
confidence intervals of the calculated percentages. Furthermore, it is of
interest to determine whether increasing the velocity of the projectile,
thereby increasing the pressure, will increase the amount of non-Bcc
phases. Future samples will include A36 steel that has been impacted at
higher velocity, as well as samples from the starting (non-impacted)
steel.

